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Abstract: The implications of the latest measurement of the branching fraction of B(b — sy) of b
hadrons, which is another signature of New Physics beyond Standard Model is presented here. The
quark transitions b — s, b — d do not happen at tree level in the Standard Model as the Z boson does
not couple to quarks of different flavour. In this work the present bounds on the quark transition
b — s within the constrained minimal supersymmetric extension of the Standard Model (CMSSM),
in which there are three independent soft SUSY breaking parameters mo, mi2 and Ag is illustrated.
The recent constraint on B(b — sy), B(bs — p*u7), the recently measured value of Higgs mass
at LHC, M, the value of 613 from reactor data and the Higgs branching ratios set very strong
constraints on New Physics models, in particular supersymmetry. A new epoch for this research has
begun since the Large Hadron Collider beauty (LHCb) experiment started affording data for various
observables for these decays. The results presented here in mMSUGRA/CMSSM models may gain
access to supersymmetry even at scales beyond the direct reach of the LHC and the
susceptibleness to test these theories at the next run of LHC is also explored.

1. INTRODUCTION

Rare decays of hadrons containing a heavy bottom quark, denoted as b hadrons, presents a
powerful probe for exploring New Physics beyond Standard Model [1]. b Hadrons decay most
of the time via a b — cW™, where the W boson is virtual. These transitions are known as tree
decays since the process binds a single mediator, the W ~ boson. The quark transitions b — dy,
b — sy do not appear at tree level in the Standard Model as the Z boson does not couple to
quarks of different flavor. In the Standard Model the decay b — sy occurs predominantly via
a loop involving the top quark and the W boson. It played a very vital role in flavour physics
from the 1980s. It was the dependency of the branching fraction on the then unknown top
qguark mass that was the driving hot topic behind the theoretical calculations and the
experimental searches. Flavor mixing in Standard Model quark sector is observed through

processes like B? -B0 mixing and it came into view that the top quark was very heavy. The
top quark was finally discovered at the Tevatron in 1995 and its mass was measured, which
predicted the Standard Model decay rate of b — sy to be around 10™* [2].

Low energy observables implements interesting indirect information about the masses of
supersymmetric particles.

Predicting the masses of SUSY particles is more difficult than for the top quark or even the Higgs
boson mass, because the renormalizability of the Standard Model implicates that low-energy
observables are impervious to heavy

particles. Nonetheless present data on observables such as B(b — sy), B(bs — p*"), the recently
measured value  of Higgs mass at LHC, my, [3], the value of 613 from reactor data [4] and the
value of tanp,the ratioof the MSSM Higgs vacuum expectation values provide interesting
information on the scale of supersymmetry (SUSY).

The flavor changing neutral currents (FCNCs) are electroweak decays which proceeds through
penguin Feynman diagrams with final state involving real photon or pair of leptons. Such
decays were observed by CLEO experiments, CLEO (at Cornell, USA), where it observed
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decay B — K*y. This opened the search for the inclusive decay, b — sy. Branching fractions for
these decays are 107> or less, making the rare decay of b Hadrons as excellent candidates for
quests for new physics beyond SM, setting stringent limits on the masses of the SUSY
particles. In this work, the decay b — s + y is only considered, as this is unbeatably constrained
by experiments. Recent calculation of the measured branching ratio of BR(b — s+ y) at NNLO
for E, > 1.6 GeV of (3.36 £0.23) x10* is used in this calculation. Such experimental searches
and theoretical studies on quark flavor violation can help us constrain the new physics beyond
Standard Model that could be present just above the electroweak scale, or within the reach of
the next run of LHC. Hitherto no 5 ¢ deviation from the Standard Model has been manifested
in B Physics constraints so they suggests lower bound models assimilating New Physics.

Flavour-changing-neutral-current (FCNC) processes that make a down (d,s,b) or up (u,c,t)
type quark convert it into another quark of the same type but of a different flavour are
forbidden at tree level. These processes are suppressed by the Glashow-Iliopoulos-Maiani
mechanism [5] and involves at least one off-diagonal element of the CKM matrix. This in turn
fabricates the processes rare.

The value of the Higgs mass as measured at LHC [3] and global fit values of the reactor mixing
angle 613 as measured at Daya Bay, Reno [4] have been used in this work.

In this work studies on rare decay of b Hadrons (b — sy) using the type | seesaw mechanism in
SUSY SO(10) theories is carried out, and hence the sensitivity to test the observation of sparticles
at the next run of LHC [3, 6, 7], is checked in cMMSM/mSUGRA. minimal supergravity
model.

Here in this work model CMSSM/mSUGRA, where the soft terms are assumed to be
universal at the Grand Unification (GUT) scale, Mcut = 2 x 10'® GeV is explored. At the
weak scale, the soft masses are no longer universal due to the effects of the renormalization
group (RG) running. The minimal supergravity model (InNSUGRA)

is a well provoking model [8-11]; for a review, see [12—15]; for reviews of the minimal
supersymmetric standard model, see [16, 17]. InmSUGRA, SUSY is broken inthe hidden sector
and is communicated to the visible sector MSSM fields via gravitational interactions. The
generation of gaugino masses [18-22] in mSUGRA (N = 1 supergravity) involves two scales
—the spontaneous SUGRA breaking scale in the hidden sector through the singlet chiral
superfield and the other one is the GUT breaking scale through the non-singlet chiral
superfield [8-15]. In principle these two scales can be different. But in a minimalistic
viewpoint, they are usually assumed to be the same [8-15]. This leads to a commonmassmg
for all the scalars, a common mass My, for all the gauginos and a common trilinear SUSY
breaking term Ao at the GUT scale, Mgut ¢ 2 x 10 GeV. Much more comprehensive and
elaborate work exploring light supersymmetry exists in the literature, by the MasterCode
[23] and the Gambit collaborations [24].

SUSY is broken by soft terms of type —Ao, Mo, M12, Where Aq is the universal trilinear coupling,
mo is the universal scalar mass, and My, is the universal gaugino mass. Stern universality between
Higgs and matter fields of mMSUGRA models can be relaxed in NUHM [25] models.

In the case of tan § = 50, in order to have Higgs mass my around 125.09 GeV, values of M1, <
1000 GeV is strongly disfavoured. As shown in our results in Sect. Il in mMSUGRA, the
spectrum of M1z and mg is found to lie toward the heavy side, as allowed by recent constraints
on BR(b — sy), for tanp = 50 as compared to the case for tanf = 10 where only lighter spectra
are possible. It is seen in this work that in My2 — tanp plot B physics constraints prefer low
mass of My, particles. It is owing to the reality that the MSSM corrections to the B physics
observables inversely depend on the charged Higgs particles masses, H*.

From above it is seen that the indication of New Physics beyond Standard Model could be tested
at the next run of LHC, if the SUSY sparticles are observed within a few TeV. No SUSY partner
of SM has been been observed yet, and this could point to a high scale SUSY theory. The LHC has
stringent consytaints on the sparticles, which indicates a tuning of EW symmetry at a few percent
level [26-31].

International Journal of Advanced Research in Physical Science (IJARPS) Page | 11



Probing New Physics in Rare Decays of B-Flavored Hadrons b — sy in CMSSM/Msugra SUSY SO (10)
Theories.

In this paper it is shown how studies of rare decays of B mesons probe any Physics beyond
Standard Model. The rare decay b — s + y is investigated in CMSSM model in the light of
LHC bounds and investigate whether present or future run of LHC can access Supersymmetry.
The rest of the paper is organized as follows. In section Il, the

effective Hamiltonian and the observables in b — s + y that are sensitive to the scale of
supersymmetry is discussed. In section 111 a numerical analysis of the current constraints on
new physics in the b — s + y transition is discussed, taking into account the theoretical
uncertainties. Section 1V summarises our conclusions.

2. RARE DECAY b — sy DECAY IN MSUGRA/CMSSM MODEL OF SUSY SO(10) THEORY

It is admitted that the experimental bounds of b — sy decay set very stringent constraints on
CMSSM/mSUGRA model, minimal extension of the Stan dard Model (SM) [33]. The tan 4 enhanced
radiative corrections, which springs ~ from the renormalization of the Yukawa coupling to down-
type fermions, can productively be summed to all orders in perturbation theory and can be formed
into an effective lagrangian [34] :

L = —h{dpyH\Q) — 6hjdpHQ) — dhiuy(im,HE)Q) — shilaly(imHY)Q) + h.c., (1)

where T, is the two by two Pauli matrix, Q. = (u,d)., and a gauge-invariant contraction of
weak and colour indices has been totally presumed. Inferring that the right and left handed
soft-supersymmetry-breaking mass parameters are generation-independent, they are
proportional to the couplings hg and hy,

r}
ShECD “d“_ Mgl (my, - Mg), (2)
fods) Eile. y P
ahs Q e - N gpad (7rry L 11y5, , MG (3

where Mg is the gluino mass and mp~" R, ML, R are the left and right-handed mass
parameters of the down- and up-squarks respectively.

where, 1(a,b,c) is defined in [34]. In application to b — sy one requires the coupling of the charged
Higgs boson to the right-handed bottom and left-handed top quarks, for which, overlooking
small CKM angle effects, a large tan s-enhanced corrections is achieved by replacing the tree-level
connection between the coupling hy in Eq.1 and the bottom mass by

g e ()
Frg, = F — = - SOOI
1.414 Ny cos T 1 - _.;%.;r_r_@-h

()

Where g is the SU(2) gauge coupling, My is the mass of W boson, and m, is the bottom mass
renormalized in a mass-independent renormalization scheme. The tbH* vertex is renormalized
at the scale Q, which gets into mp in Eg.4 . When claimed into b — sy the scale Q equals the
scale pw , at which top and charged Higgs Boson H* are integrated out. The tanff SQCD
corrections are;

._.fc,

SCD \ ey
d-..m_,jr“\"{ b 'lf.,;.,r:fr,:ra..fu .y Mg), (D)

where as is evaluated at a scale of the order, where masses enter I. The tanf enhanced chargino
benefactions to

b — sy are,

Ty

BR|(b — sv)|,+ oc pAstan f(m- ., m My P
I S / f(ma,me, v(l 4+ Amg)

(6)

All presiding higher-order contributions are embraced in Amy, and f is the loop integral occuring
at one loop. In large tang region, the admissible charged Higgs contribution to BR(b — sy) are,
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my(hycos — dhysing) -
BR|(b — sv)| g+ o — —g(my, my+), (7)
veos3(1 + Amy) ‘

g is the loop-integral rising at the one-loop level. In the above o4 results from the flavour violating
coupling dAy in Eq.1.

At large values of ranp, the leading order chargino subscriptions to the amplitude of b — sy
are proportional to

HA: or Ao, In mMSUGRA models, the sign of A: is opposite to the one of the gaugino masses. This
sign relation clinch except for the boundary values of A: at some high-energy input scale is one
order of magnitude bigger than the

soft susy breaking mass parameters of gaugino masses [35, 36]. It is shown in [34] how negative values
of pu the next to leading-order corrections to the charged Higgs and the chargino-stop
contributions further enlarges the b — sy decay amplitude. Even after considering higher order
effects, positive values of p render it necessary to access correct values for BR(b — sy) within
CMSSM/mSUGRA models, for which the sign of A; or Ao at low energies leans to be negative, which
is precisely shown in this work. It may be noted that some results on neutrino masses and mixings
using updated values of running quark and lepton masses in SUSY SO(10) is discussed in [37], which
leads to lepton  flavor violation in SUSY SO(10) models [38]. Also some studies on non unitarity
of PMNS matrix in the leptonic sector has been done in [39, 40]

3. CALCULATION OF BR(b — sy) IN MSUGRA

In this section calculations and results on the rare decay of b Hadrons in CMSSM SUSY SO(10)
theory is presented, with the type | seesaw mechanism using the mSUGRA boundary conditions
through detailed numerical analysis. The soft parameter space for CMSSM/mSUGRA is scanned
in the following ranges :

tand = 10
tan/F = L
myp € [122.5,120.5] GeV
Mgy = 0
mo = [0,5] TeV

M,y m € [0,2] TeV
The choice of A0 used in this analysis are;

Ag = 0 TeV
Ao = :—_"l.l!rl__-'g- +_"|..|!r]._.-2]

_-‘:l i

M

[—2MLy jo, +20 0]

Ap [—3_'.1![._-'3_ —|—3_.|.1.r|__:|]

M

sgn(p) = {—,+}, (=)

The numerical analysis is carried out using the publicly available SUSEFLAV package [41]. The
program calculates BR(b — s + y) in the minimal flavor violation assumptions. Here mq is the
universal soft SUSY breaking mass parameter for sfermions, and My, denote the common gaugino
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masses for U (1)v, SU (2)L and SU (3)c . Ag is the

trilinear scalar interaction coupling, tang is the ratio of the MSSM Higgs vacuum expectation
values (VEVS).

The masses of the heavy neutrinos used in this calculations are - Mg, = 10" GeV, Mg, = 10" GeV, and Mg, =
10" GeV. For Am?

2 1, Am2,,. and 3, the central values from the recent global fit of neutrino data [4] are used.

4. ANALYSIS AND DISCUSSION OF RESULTS

In this section, analysis and discussion of results obtained in Sect. 111 in Complete universality:
cMSSM (mSUGRA) is presented. Also the sensitivities to the scale of supersymmetry from
low-energy observables used in this analysis is also discussed.

4.1.The rare decay of b Hadrons BR(b — s + v)

In constrained MSSM [(CMSSM) model, the soft supersymmetry-breaking mass parameoters, scalar masses and
gaugino masses are cach asumed to be egual at GUT scale, Magpy. In this case, the new independent MSSM
parameters are four in numbers. In mSUCRA at the high scale, the parameters of the model are the scalar mass
mg. the trilinear soft supersymmetry-breaking parameter Ag, and the unified gangino mass My e. Besides, there is
the Higgs potential parameter p and the undetermined ratio of the Higgs VEW=, tan3. The whole supersymmetric
mass spectrum is decided once these parameters are set. The updated messured branching fraction BR(b — =) [
together with a large $y3 Bl places striking constraints on the SUSY parameter space in CMSSM. In Fig. la—1d
and Fig. 2a—2d the constraints from BR(E — 2 + ) on mSUGRA parameter space for tang = 10 and tan & = 50
i= presented. Each Fig. la,le, Fig. 2a_ 2¢, in the left panel displays constrained allowed parameter region for tand
= 10, the Fig. 1h.1d. Fig. 2bh.2d, in the right panel dispose preferred region for tan@ — 50 As can be seen from
Fig. la. almost no part of the paramater space survives for tan 3 = 10, but a significant amount of parameter space
My g~ B0 GeV to My ~ 1500 CeV exists for tan F = 50 for Ap = 0 TeV in mSUGRA as allowed by the updated
BR{bs — sv = 3.36 = 10— } a= is evident from Fig.le. Also allowed parameter space from almost My -~ 400 GeV'
to Myga ~ 750 GeV iz permitted in reduced cluster as iz perceivable from Fig.lb. This leads to the conclusion that
the parameter space Myya > 1.5 TeV is not allowed by the present upper bounds on BR{b — s < 3.59 = 104 The
allowed regions in Fig. le require very light spectra, ie. Mo lies in between 400 GeV to 750 GeV for tand — 10,
Ap = [—J‘rr]J.’Q: +;'|J1l,r-;]= as allowed by the present mesasured branching fraction B(b — 2v) bounds. In Fig. 1d the
whole parameter space from Mg ~ 750 GeV to Mg ~ 2 TeV is acceptable for tand — 50, Ao [—J'U'l_'.-z: +J'L!'1_,r.1].
Also dispersed region for My lying betwen 400 GeV to 700 GeV is admissible in in Fig. 2a. Next, the results
obtained i CAMSISM case for Ag = _—'7'1111}-1 +'7'J'Lf1l,-1] Ag = _—EJ'LI”-] -I-EJ'Lijl,-]] is introduced. In Fig. 2a Mg vs

log[BR(E — 5 + v)is conferred for tan® = 10, Ag | —20 g o, -I—Z;'l-fl_.g] and the Fig. 2b in the right panel shows
J'Lf,_.,rg:Gc\H v, log|BR(b — = + ) for tang = 50, Ag [ 20 o, +21U'1__.9] DHfferent horizontal lines in Fig. 2a boe.d
correlates with present bounds on BR(b — = 4+ ). It is found from Fig. 2a, very few parameter space survises for,
tand = 10. M2 almost lies in the range, 400 GeV-. 700 GeV. It is seen from Fig. 2b that most of the mSUGHA
parameter space is going to be explored by present bounds on the measured branching ratio, BR(F — 5 + ) at NNLC
for B, = 1.6 GeV of (336 + 0.23) = 104 3.

In Fig.2e,2d, the SUSY parameter space of My o i= presented, as allowed by present bounds on BR(b — s + 7). at

NNLO for E, = 1.6 GeV ie, (3.36 = 0.23) = 104, Ag = —3M g a, +31U'1l,r.;] . For smaller tan 5§ = 10, even wvalues
of My p as low as ~ 400 GeV would be allowed if tan 7 = 10, whereas Mo > 1 TeV would be required if tan § =
50. These hmits are very sensitive to Ap. Thus the combination of B(b — =2 + ) together with the other precision
ob=ervables might be able, in principle, to constrain Ap strikingly. It is found that a wide region of soft parameter space
for tan § = 50 is allowed which would be easily attainable at the next run of LHC satisfying the current B{b — 54 )

oconstraints.

—a3 2 -
- = —a3.4
-
B T+ —=26 |
=
B ] &5
| e ] = @S
=
- — —a -
L L L L L L
[¥] G 1000 1co0 [} i) 1,000 1.500 ERG T
Ay po e VT Sy po [V
(= b
— a5 |
=
x
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=
= —4s5
5
—aT |- - — —5 |
[¥] SN 1000 1co0 =000
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[ ] .

Figure 1: The CMSSM predictions for BR(E — 5 4+ ) as a function of M, ;5 (a) tan § = 10 in the left panel and (b) tan
B = 50 in the right panel and for various choices of Ay, Figures in the top pansl is for Ay = 0 TeV, and the fipures in the
bottom panel consider A, to be lying in the range, A, < [ M, .~; +My o EJ The central (dotted) violet line indicates the
current experimental central value of BR{EF — 5 + «), and the other dott orange and green line splashes its current value
within its + 1 o TANEES.
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4.2.The Lightest neutral MSSM higgs boson mass

The discovery in 2012 by the ATLAS and the CMS collaborations of the Higgs boson mass was
a significant turning point as well as a spectacular success of the ATLAS and CMS
experiments. The ATLASand CMS experiments have made united measurement of the mass
of the Higgs boson in the diphoton and the four photon channels at per mille accuracy, my =
125.09 £ 0.24tteV .

Itis shown in Fig.3a—3fthe high sensitivity of the electroweak precision observable, Higgs
bosonmassi.e mp=

125.09 *0.24tteV to constrain the supersymmetric parameter space. In Fig. 3a, 3c, 3e (3b, 3e,
3f) the constraint from mp = 125.09+0.24tteV on CMSSM parameter space for tang =10 (tans =
50) is presented. Different horizontal lines displays the ATLAS and CMS results of the bounds
on Higgs boson mass with uncertainity, m, = 125.09 £0.24tteV within its 1o values. It is seen
from Fig. 3a, 3c no part of the mSUGRA parameter space convinces the restrictions

T T T |
_aabk -—— BB —s sy Limi
A0 e e e T ]
=_a34s| = TIRPGE
prs —+ o f‘f
= R | B .
T _asp T -
& &
T ass| | = .
3 =3 -
_a6l i -5 . -
1 1 1 1 1 1 1 1 1 1
0 500 1, 1,500 2,000 ] L] 1,000 1,500 2 (W0
My [GeW] My o [GeWV]
) (b
T T T I T
_aal - fr{d s a7k Limh --- @riE s el Limb
—3.5 -
= aul =
-+ 4 =+
T oot - ]
= 35 =,
o m -
= =
= _assf 1 5 ]
—36 1 1 1 1 = e 1 1 1 1 1 —1
0 50 1, CHOCH 1,500 2,0 o ALY 1,000 1,500 2, (W0
My [GeW] My o [T
=] {d}

Figure 2: The CMSSM predictions for BR(b — s + ) as a function of M, (a) tan § = 10 in the left panel and (b) tan
8 = 50 in the right panel and for various chobces of As. Figures in the top panel is for A € [—2.'1!1,.-2, +-:.-ul;=], and the
figures in the bottom panel consider Ao to be lying in the range, 4o = [—.'SML 2 +3."|.I|.,--2]. The central (dotted) violet line
indicates the current experimental central value of BR{b — 5 + +), and the other dotted orange and green line splashes its
current value within £ 1 o ranges.

zet by MSSM lightest CP even Higes boson mass. For, 45 € [—2:”1.,'9. {'2.-".11,-2: it 15 established from Fig. 3d gaugine
mazses Mygg > 1.5 TeV corresponding to 125.00 GeV Higgs are mostly disfavored, which would be congenial at the
future run of LHC, satisfving the current bounds on BR(b — s+ ) = (3.36 £0.23) » 1074). From Fig. 3f, for which
Ao e [—:!.-".Il;g. I:!.-Uj.,-g]. it is zeen that for a Higgs mass around my = 12500 £ 024GV, My with itz uncertaimity,
My les between 1.1 TeV < My < 2TeV. The constraints imposed on the soft SUSY brealing parameters of
CMSSM, for tand = 50, are found to be less severe compared to tang = 10 for which, no part of the parameter space
satisfy the constraints put by the measured hghtest neutral Higps mass at LHC. The contrast between the measured

value of my = 125.00 £0.24Cel and an exact theory prediction will entitle one to set stiff constrants on the allowed

parameter space of M) .
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Figure 3: The CMSSM predictions for my as a function of M, ,, constrained by recent experimental bounds on
BR(b— =2+ ) for (a) tan 5 = 10 in the left panel and (b) tan 8 = 50 in the right panel and for various choices of Ac. Figures
in the upper panel is for Ap € [—.'\l,.,,. +A!,',...,] . and the figures in the second panel consider 45 to be lving in the range.
Ao € [—2M;: 2, +2M,2]. Figures in the third panel represent Ao to be lying in the range, Ao € [—3M) 2, +30M,2]. The solid
red line indicates the current experimental central value of ma from the ATLAS and the CMS collaboration, ma = 125.00
GeV.

4.3.Scan of the Msugra Parameter Space

From the studies in mSUGRA model in the above subsections, we see that the SUSY parameter space, as allowed
by bounds on BR(b — = + ) shifts to the lighter side for tand = 50. The sensitivity of the precision observables
BR(b — &+ ) ~ (336 £023) = 1074 in a scan over the (Myp2, An), (Myga, mp) parameter plane is studied.
Figure 4a(b) shows mo [GeV] Vs My [GeV] as allowed by the present bound on BR(b — sv) for tand = 50,
Ao € [-2Mya, +2M) 2], Ao € [—3Myy9. +3M 2], We find that the Mz > 100 GeV and ma > 0.5 TeV region is
maostly favoured.

The fit for the allowed region of (M) s, Ag) plane is depicted in Figure 5a.c (bd) for tang = 10 {fanf = 50} and
Ap € [—2Mya, +2Mya] . Ag € [—3Mysa. +3Mya| respectively. It is grasped from Figure Sb, that the permitted
parameter space constrained by the measured branching ratio SR — 8 + ) ~ (336 £ 0.23) = 104 is obtained
for Ag < 0, while positive values of Ap result in a somewhat lower fit quality. The scan yields an upper bound on
Myo of about 1.8 TeV. From Fig. 5d it is seen that the allowed spectrum is for negative Ap. The upper bound on
Mo inereases to nearly 1.65 TeV. A slightly higher sensitivity for Ay = 0 than for positive Ap values is preferred.
Consistent with these large values of My, however, the precision ohservable, BR(b — o 4 1) ~ (3.36 £ 0.23) 104
still allows one to constrict Ap. The contrast of these indirect predictions for My and Ag with the information from
the unambigous detection of supersymmetric particles would provide a rigorous probing of the mSUGHA /CMSSM
framework at the loop level.
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Figure 4: The CMSSM predictions for mo as a function of Ay 2 tan @ = 50 constrained by recent experimental bounds on
BRH(F — s 4+ ) for varions choices of Ao, Figure in the left panel is for 4o = ;_—2.-1!.__.3. +2_-u___.._,1 . and the figure in the right
pans]l consider Ao to be lyving in the range, Ao & |[—3My o, +301 02

In this work in the CMSSM/mSUGRA model, the present experimental limit on BR(b — sy)
disfavors the soft SUSY breaking parameters My» <1 TeV for my ~ 125.09 GeV. The flavor
violating constraint on the SUSY spectrum is relaxed if ranf = 50 is considered in mMSUGRA
model.

In Tables I, a comparative study of the analysis in this work for the two cases, tanf = 50 and
tanf = 10 is highlighted. The new results in CMSSM which one find in this work are the
following:

1. Lighter mo ~ 500 GeV is allowed in mMSUGRA.
2. A wider SUSY parameter space is allowed for tanfs = 50 as compared to tanf = 10 .
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Figure 6: he CMSSM predictions for Ap as & function of My constrained by recent experimental bounds on BR{b — 2+ )

for (a) tan 8 = 10in the left panel and (b} tan @ = 50 in the right panel and for varicus choice Agp. Figures in the top
panel is for Ay € [-2M, o, +2M, 4|, and the fipures in the bottom panel consider A, to be lying in the range,
Ap € [-3My o, +3M, 4]

3. Negative values of A0 is preferred over positive values of A0 for the allowed susy parameter
space.

4. BR(p — ey) both increases and decreases with increase of scalar masses for A0 = 0 TeV.
5. CONCLUSION

Here in this work the sensitivity of precision observable, BR(b — sy), at LHC to detect the indirect
effects of supersymmetry within the mSUGRA model is probed. The constraint BR(b — sy)
conclusively impoverish the dimensionality of the CMSSM parameter space. Based on the present
experimental results of the observable, BR(b — sy), for two values of tanf taking into narration, the
rare decay of b hadrons, b — sy in SUSY SO(10) theory in CMSSM/mSUGRA model, using the type |
seesaw mechanism, is studied. The value of the Higgs mass compatible

Tablel. Masses in this table are comparison between tanfs = 10, tanfi = 50 in this work for
CMSSM

Range of parameters allowed by Range of parameters allowed by
for BR (b — sv) . tand 10 BR (b — sv) . tand = 50
1. Figure la: 1. Figure 1b: My > 0.5 TeV to 1.5 TeV is allowed

Almost no My o space is allowed.
2 Figure le: 2. Figure 1d: A wider space of
M rg ~ 450 GeV to 650 GeV My 1y from 250 GeV to 2 TeV is allowed.

iz allowed in this work.

3 Figure 2a - 3 Figure 2b,d:My o ~ 0.2 TeV
Mg ~ 0.5 TeV for to 2 TeV is allowed.
to 0.6 TeV is permitted

4 Figure la.ce: 4 Figure 3h: for my 125.00 GeV, no My space is allowed
for my, 125.08 GeV, Figure 3e: for my 12500 GeV', My < 1.5 TeV is disfavoured.
no My o space Figure 3f for my 125.08 GeW, M < 750 GeV is disfavoured.
from O to 2 TeV is favoured.

with the Standard Model (SM) Higgs boson in consistent with the ATLAS/CMS collaboration, the
latest global data on the reactor mixing angle 615 for neutrinos, and the latest constraints on BR(b
— sy) as predicted at the NNLO level for E, = 1.6 GeV is used in this work. It is found that in
MSUGRA, a light My, region around 500 GeV — 700 GeV is allowed by the recent bounds of BR(b
— sy) for tanp = 10, though in the tanf = 50 case a low Ma, region starting from around 250 GeV
to values of My as high as 1.5 TeV is also permitted. In mMSUGRA, mo the squark mass eigen
values for tanf = 50 as allowed by BR(b — s7) bound, shift toward a heavier spectrum around 3.5
TeV, as compared to tanf = 10 where the squark mass eigen values gno lies around 3 TeV. Thus in
CMSSM, the allowed Ma, parameter space at low energies becomes constrained. For a Higgs
boson mass around 125.09 GeV, My, <

15 TeV is mostly disfavored for fanfi = 50 and for Ao € —2Mu;2, +2My> . Comparing these
indirect predictions

with the results from the direct scrutiny of supersymmetric particles will authorize a rigorous
consistency test of this model at the loop level.

The upshots presented in this work can effect the experimental indication for the generation of
SUSY particles and can provoke a special detector set up to promise that the substantial possible
class of supersymmetric models steer to evident signatures at the future run of LHC. Consequently

International Journal of Advanced Research in Physical Science (IJARPS) Page | 18



Probing New Physics in Rare Decays of B-Flavored Hadrons b — sy in CMSSM/Msugra SUSY SO (10)
Theories.

any study of heavy sparticles at the next run of LHC  could assist us to percieve the nature of
SUSY particles, in reference to curb put by the rare decay of b Hadrons. ~ This in turn will lead
towards a preferable understanding of theories beyond the standard model.

ACKNOWLEDGMENTS

Gayatri Ghosh would like to thank Sudhir Vempati for fruitful discussions and suggestions of this
problem at 11Sc Bangalore. She also thanks Barak Valley Engineering College, India where a major
part of this work has been done.

She would also like to thank AICTE India, for providing financial support to her.
REFERENCES

[1] W. Altmannshofer, C. Niehoff, D.M. Straub, J. High Energy Phys. 1705 (2017) 076,
https://doiorg/10.1007/JHEP05(2017)076, arXiv:1702.05498 [hep-ph]; J.C. Costa, et al.,
Eur. Phys. J. C 78 (2) (2018) 158, https://doi.org/10.1140/epjc/s10052-018-5633-3,
arXiv:1711.00458 [hep-ph].

[2] M. Tanabashi et al (Particle Data Group), Phys. Rev. D 98, 030001 (2018).

[3] G. Aad, et al., ATLAS Collaboration, Phys. Lett. B 716 (2012) 1; S. Chatrchyan, et al.,
CMS Collaboration, Phys. Lett. B 716 (2012) 30.

[4] D. Forero, M. Tortola, J. Valle, Phys. Rev. D86, (2012) 073012, arXiv:1205.4018.
[5] S.L. Glashow, J. lliopoulos, L. Maiani, Phys.Rev. D2 (1970) 1285.

[6] J. Incandela, Talk given on July 4, 2012, CMS Collaboration.
http://indico.cern.ch/conference Display.py?confld=197461

[7] F. Gianotti, Talk given on July 4, 2012, ATLAS Collaboration.
http://indico.cern.ch/conference Display.py?confld=197461.

[8] A. Chamseddine, R. Arnowitt, P. Nath, Phys. Rev. Lett. 49, (1982) 970.

[9] R. Barbieri, S. Ferrara, C. Savoy, Phys. Lett. B 119, (1982) 343.

[10] L.J. Hall, J. Lykken, S. Weinberg, Phys. Rev. D 27, (1983) 2359.

[11] H.P. Nilles, Phys. Rep. 110, (1984) 1.

[12] R.L. Arnowitt, A.H. Chamseddine, P. Nath, Phys. Rev. Lett. 50, (1983) 232.

[13] R. Arnowitt, A.H. Chamseddine, P. Nath, Int. J. Mod. Phys. A 27, (2012) 1230028,
arXiv:1206.3175

[14] J. Ellis, D.V. Nanopoulo, T. Tamvakis, Phys. Lett. B121, (1983) 123.

[15] E. Dudas, Y. Mambrini, A. Mustafayeb, A. Keith, Olive. Eur. Phys. J. C 72, (2012) 2138.
arXiv:1205.5988.

[16] X. Tata, Lectures presented at the I1X Jorge Swieca Summer School, Campos do Jord o, Brazil,
Feb. 1997, UH-511-872-97, hep-ph/9706307.

[17] S. Dawason, The MSSM and why it works, BNL-HET-SD-97-4, Lectures at TASI 97, (1997)
261339. hep-ph/9712464.

[18] E. Cremmer, S. Ferrara, L. Girardello, A. VVan Proeyen, Phys. Lett. B116, (1982) 231.
[19] L.E. Ibanez, Phys. Lett. B118, (1982) 73.

[20] P. Nath, R.L. Arnowitt, A.H. Chamseddine, Model independent analysis of low energy
phenomena in supergravity unified theories, NUB No: 2588, HUTP-83/A077 (1983)
(unpublished).

[21] R.L. Arnowitt, A.H. Chamseddine, P. Nath, Supergravity and Unification, HUTP-83/A014,
NUB 2597, Mar 1983. 34 pp., Workshop on Problems in Unification and Supergravity, La
Jolla, CA (1983) (Published in La Jolla Unif. Wkshp. 1983:0011 (QCD161:W61:1983)).

[22] L. Alvarez-Gaume, J. Polchinski, M.B. Wise, Nucl. Phys. B221, (1983) 495.

[23] E. Bagnaschi (DESY) et al., Eur.Phys.J. C 78 (2018) 3, 256; J.C. Costa (Imperial Coll.,
London) et al. , Eur.Phys.J. C 78 (2018) 2, 158.

[24] GAMBIT Collaboration (Peter Athron (Monash U.) et al.) 2017. 70 Eur.Phys.J. C 77 (2017)
11, 784, Addendum: Eur.Phys.J. C 78 (2018) 2, 98; GAMBIT Collaboration (Anders
Kvellestad for the collaboration) 2019.

[25] J.R. Ellis, T. Falk, K.A. Olive, Y. Santaso, Nucl. Phys. B 652, (2003) 259. hep-ph/0210205.

International Journal of Advanced Research in Physical Science (IJARPS) Page | 19


http://arxiv.org/abs/1702.05498
http://arxiv.org/abs/1711.00458
http://arxiv.org/abs/1205.4018
http://indico.cern.ch/conference
http://indico.cern.ch/conference
http://arxiv.org/abs/1206.3175
http://arxiv.org/abs/1205.5988
http://arxiv.org/abs/hep-ph/9706307
http://arxiv.org/abs/hep-ph/9712464
http://arxiv.org/abs/hep-ph/0210205

Probing New Physics in Rare Decays of B-Flavored Hadrons b — sy in CMSSM/Msugra SUSY SO (10)
Theories.

[26] T. Gherghetta et al., JHEP 1302, 032 (2013), arXiv:1212.5243.

[27] A. Arvanitaki, M. Baryakhtar, X. Huang, K. VVan Tilburg, G. Vil- ladoro, JHEP 1403, (2014)
022, arXiv:1309.3568.

[28] E. Hardy, JHEP 1310, (2013) 133. arXiv:1306.1534.

[29] J.L. Feng, Ann. Rev. Nucl. Part. Sci. 63, (2013) 351382. arXiv:1302.6587.
[30] T. Ghergetta et al., JHEP 1404, (2014) 180, arXiv:1401.8291.

[31] J. Fan, M. Reece, JHEP 1406, (2014) 031. arXiv:1401.7671.

[32] A. Arvanitaki, N. Craig, S. Dimopoulos, G. Villadoro, JHEP 1302, (2013) 126.
arXiv:1210.0555.

[33] A. Arbey, M. Battaglia, A. Djouadi, F. Mahmoudi, Phys. Lett. B 720(2013) 153; J. Ellis, PoS
Beauty 2014 (2015) 056;0. Buchmueller, et al., Eur. Phys. J. C74 (12) (2014) 3212

[34] Marcela Carena, David Garcia, Ulrich Nierste, Carlos E.M. Wagner, Phys.Lett. B499 (2001)
141-146, hep-ph/0010003

[35] B. Ananthanarayan, G. Lazarides and Q. Shafi, Phys. Rev. D44 (1991) 1613; T. Banks,
Nucl. Phys. B303 (1988) 172;M. Olechowski and S. Pokorski, Phys. Lett. B214 (1988) 393;
S. Dimopoulos, L.J. Hall and S. Raby, Phys. Rev. Lett. 68 (1992) 1984 and Phys. Rev. D45
(1992) 4192; G.W. Anderson, S. Raby, S. Dimopoulos and L.J. Hall, Phys. Rev. D47 (1993)
3702.

[36] L. Ibanez, C. Lopez and C. Munoz, Nucl. Phys. 256 (1985) 218; R. Barbieri and G.F.Giudice,
Nucl. Phys. B306 (1988) 63;

M. Carena, M. Olechowski, S. Pokorski and C.E.M. Wagner, Nucl. Phys. B419 (1994) 213.
[37] K. Bora, G. Ghosh, J. Phys. Conf. Ser. 481, (2014) 012016,

[38] K. Bora and G. Ghosh The European Physical Journal C, vol. 75, no. 428, 2015,
https://doiorg/10.1140/epjc/s10052-015- 3617-0, arXiv:1410.1265.

[39] Gayatri Ghosh, Kalpana Bora, Adv.High Energy Phys. 2018 (2018) 5093251 DOI:
10.1155/2018/5093251, arXiv:1612.09047.

[40] Gayatri Ghosh, Kalpana Bora, 2018, Springer Proc.Phys. 203 (2018) 309-311 DOI:
10.1007/978 =3 —319 — 73171 — 170.

[41] D. Chowdhury, R. Garani, S.K. Vempati, SUSEFLAV: program for supersymmetric mass
spectra with seesaw mechanism and rare LFV decays. Comput. Phys. Commun. 184, (2013)
899918, arXiv:1109.3551.

~

Citation: Gayatri Ghosh, (2020). “Probing New Physics in Rare Decays of B-Flavored Hadrons b —> sy in
CMSSM/Msugra SUSY SO (10) Theories.". International Journal of Advanced Research in Physical Science
(IJARPS) 7(4), pp.10-20, 2020.

Copyright: © 2020 Authors, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
Kprovided the original author and source are credited. /

International Journal of Advanced Research in Physical Science (IJARPS) Page | 20


http://arxiv.org/abs/1212.5243
http://arxiv.org/abs/1309.3568
http://arxiv.org/abs/1302.6587
http://arxiv.org/abs/1401.8291
http://arxiv.org/abs/1401.7671
http://arxiv.org/abs/1210.0555
http://arxiv.org/abs/hep-ph/0010003
http://arxiv.org/abs/1410.1265
http://arxiv.org/abs/1612.09047
http://arxiv.org/abs/1109.3551

